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(54) Radio communication apparatus and radio communication method 



(57) In a radio communication apparatus 10 and 
method, on the transmitting side, an input signal is mod- 
ulated in an intermediate frequency band to produce a 
modulated intermediate frequency band signal, a local 
oscillation signal is used to up-convert the modulated 
intermediate frequency band signal to a modulated ra- 
dio frequency band signal, and the local oscillation sig- 
nal and the modulated radio frequency band signal are 



simultaneously transmitted as a radio signal, and, on the 
receiving side, the radio signal from the transmitter 11 
is received, the received signal is down -converted by 
multiplying the local oscillation signal component and 
the modulated radio frequency band signal component 
contained in the received signal to generate a multipli- 
cation component and thereby produce a modulated in- 
termediate frequency band signal, and the modulated 
intermediate frequency band signal is demodulated. 
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Description 

[0001] This invention relates to a radio communica- 
tion apparatus and a radio communication method. 
[0002] In radio communication systems for high-qual- 
ity transmission of broad-band digital signals and analog 
signals the SHF and higher frequency bands are used 
in light of the breadth of their dedicated bandwidths and 
the current deficiency of wavelengths in the microwave 
band. The radio communication systems come under 
consideration for use particularly in radio LANs, radio 
home links ; radio video transmission systems, and radio 
car-to-station (or car-to-car) communications systems 
utilizing millimeter waves. In radio communication sys- 
tems that use high radio frequency bands, the transmit- 
ter generally first generates a modulated signal and con- 
ducts multichannel multiplexing in an intermediate fre- 
quency band and then uses a local oscillation source to 
frequency-convert (up-convert) the resulting signal to 
the used radio frequency band. On the other hand, the 
receiver uses a local oscillation source to frequency- 
convert (down-convert) the received radio frequency 
band signal to the intermediate frequency band and then 
conducts channel extraction and signal demodulation. 
[0003] The local oscillation sources used in both the 
receiver and transmitter must be in synchronism at this 
time. If the frequency difference or phase difference 
should fluctuate with time, the fluctuation will be super- 
imposed on the modulated signal after down -conversion 
and degrade the quality of the demodulated signal. Both 
the transmitter and the receiver must therefore be 
equipped with local oscillation sources exhibiting ex- 
tremely high frequency stability. Therefore, for realizing 
a local oscillator with high frequency stability, the prac- 
tice has generally been to adopt a method utilizing a lo- 
cal oscillator stabilized by feedback control using a PLL 
(Phase Lock Loop) configuration and a method utilizing 
a synchronized carrier wave regenerative circuit of PLL 
configuration during signal demodulation. 
[0004] However, the conventional radio communica- 
tion systems have the following three problem points: 

1 ) As the used radio frequency band becomes high- 
er, it becomes impossible to realize a frequency- 
stable local oscillator and increasing local oscillator 
production cost makes the overall communication 
system expensive. 

2) As the frequency fluctuation and phase noise 
arising in the local oscillator increase, it becomes 
difficult to realize synchronized carrier wave regen- 
eration with a PLL configuration in the receiver cir- 
cuit. Moreover, the receiver configuration becomes 
complex. 

3) Phase noise contained in the local oscillation sig- 
nals used in the transmitter and receiver degrades 
signal quality. 

[0005] This invention was accomplished in light of the 



foregoing circumstances. An object of the invention is 
to provide a radio communication apparatus and a radio 
communication method that enable reduction of trans- 
mitter and receiver production cost, simplification of re- 
5 ceiver configuration, and high-quality signal transmis- 
sion. 

[0006] For achieving this object; this invention pro- 
vides a radio communication apparatus that down-con- 
verts a transmitted radio signal to an intermediate fre- 
quency band on a receiving side, which radio commu- 
nication apparatus comprises a transmitter equipped 
with an intermediate frequency band modulator for mod- 
ulating an input signal and outputting it as a modulated 
intermediate frequency band signal, a local oscillator for 
outputting an unmodulated carrier, a multiplier for mul- 
tiplying the modulated intermediate frequency band sig- 
nal and the unmodulated carrier and outputting a mod- 
ulated radio frequency band signal, a combiner for com- 
bining the modulated radio frequency band signal from 
the multiplier and the unmodulated carrier output on a 
branch line from the local oscillator to produce a com- 
bined signal and outputting the combined signal and a 
transmitting antenna for radio transmission of the com- 
bined signal; and a receiver equipped with a receiving 
antenna for receiving the combined signal from the 
transmitting antenna, a squarer for obtaining the modu- 
lated intermediate frequency band signal from the com- 
bined signal received by he receiving antenna, and an 
intermediate frequency band demodulator for demodu- 
lating the modulated intermediate frequency band sig- 
nal from the squarer. 

[0007] The invention further provides a radio commu- 
nication method that down-converts a transmitted radio 
signal to an intermediate frequency band on a receiving 
side, which radio communication method comprises a 
first step of modulating an input signal in an intermediate 
frequency band to produce a modulated intermediate 
frequency band signal, using a local oscillation signal to 
up-convert the modulated intermediate frequency band 
signal to a modulated radio frequency band signal, and 
transmitting the local oscillation signal and the modulat- 
ed radio frequency band signal simultaneously as a ra- 
dio signal, and a second step of receiving the radio sig- 
nal, down-converting the received signal by multiplying 
a component of the local oscillation signal and a com- 
ponent of the modulated radio frequency band signal 
contained in the received signal to generate a multipli- 
cation component and thereby produce a modulated in- 
termediate frequency band signal, and demodulating 
the modulated intermediate frequency band signal. 
[0008] In this radio communication method, the mod- 
ulated radio frequency band signal and the local oscil- 
lation signal can be transmitted as orthtogonally polar- 
ized waves in the first step, and the modulated radio fre- 
quency band signal can be extracted from one and the 
local oscillation signal from the other of the received or- 
thogonally polarized waves in the second step. 
[0009] As explained in the foregoing, this invention is 
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adapted so that on the transmitter side a modulated ra- 
dio frequency band signal and a local oscillator signal 
are transmitted simultaneously and on the receiver side 
the transmitted local oscillator signal is used as the local 
synchronized oscillation. As a result, the receiver does 
not require a local oscillator. The receiver can therefore 
be structurally simplified and lowered in production cost. 
[0010] Further, the local oscillation signal used for 
down-conversion in the receiver is the same as that 
used on the transmission side. The modulated IF band 
signal after down-conversion is therefore not suscepti- 
ble to quality degradation by phase noise contained in 
the local oscillator of the transmitter. This makes high- 
quality signal transmission possible. 
[0011] The above and other objects and features of 
the invention will become apparent from the following 
description made with reference to the drawings, in 
which:- 

Figure 1 is a schematic diagram of a radio commu- 
nication apparatus that is a first embodiment of this 
invention, 

Figure 2 is a schematic diagram of a radio commu- 
nication apparatus that is a second embodiment of 
this invention, and 

Figure 3 is a schematic diagram of a radio commu- 
nication apparatus that is a third embodiment of this 
invention. 

[0012] Figure 1 shows a radio communication appa- 
ratus 10 that is a first embodiment of this invention. The 
radio communication apparatus 10 is of the type that 
down-converts a transmitted radio signal to an interme- 
diate frequency band on the receiving side. It is 
equipped with a transmitter 11 and a receiver 12. 
[0013] The transmitter 11 comprises an intermediate 
frequency band modulator 111 for modulating an input 
signal and outputting it as a modulated intermediate fre- 
quency band signal (hereinafter called the "modulated 
IF band signal"), a local oscillator 117 for outputting a 
local oscillation signal (hereinafter called the "unmodu- 
lated carrier"), a multiplier 112 for multiplying the mod- 
ulated IF band signal and the unmodulated carrier and 
outputting a modulated radio frequency band signal 
(hereinafter called the "modulated radio signal"), a com- 
biner 1 1 4 for combining the modulated radio signal from 
the multiplier 1 1 2 and the unmodulated carrier output on 
a branch line from the local oscillator 117 and outputting 
the combined signal, and a transmitting antenna 1 1 6 for 
radio transmission of the combined signal. 
[0014] A band-pass filter 113 is interposed between 
the multiplier 112 and the combiner 114 to remove un- 
necessary components included in the modulated radio 
signal from the multiplier 112. An amplifier 115 is inter- 
posed between the combiner 114 and the transmitting 
antenna 116 to amplify the combined signal from the 
combiner 114. 

[001 5] The receiver 1 2 comprises a receiving antenna 



121 for receiving the combined signal from the transmit- 
ting antenna 116, a squarer 124 for obtaining the mod- 
ulated IF band signal from the combined signal received 
by the receiving antenna 121 , and an intermediate fre- 

5 quency band demodulator 125 for demodulating the 
modulated IF band signal from the squarer 124. 
[0016] An amplifier 122 for amplifying the combined 
signal from the receiving antenna 121 and a band-pass 
filter 1 23 for removing unnecessary components includ- 

10 ed in combined signal from the amplifier 122 are inter- 
posed in series between the receiving antenna 121 and 
the squarer 124. 

[0017] The spectral waveform of the modulated IF 
band signal (center frequency fIF) output by the inter- 
ns mediate frequency band modulator 111 of the transmit- 
ter 1 1 is shown at the upper left of Figure 1 . The spectral 
waveform of the combined signal in the spatial propa- 
gation path between the transmitting antenna 116 and 
the receiving antenna 121 is shown at the upper center 
20 of Figure 1. The combined signal is composed of the 
unmodulated carrier (center frequency fc) and the mod- 
ulated radio signal (center frequency fc + fIF) up-con- 
verted by the unmodulated carrier. The spectral wave- 
form of the modulated IF band signal (center frequency 
25 f | F) output by the squarer 1 24 of the receiver 1 2 is shown 
at the upper right of Figure 1 . 

[001 8] Thus in this first embodiment, the unmodulated 
carrier used when up-converting the modulated I F band 
signal to the radio frequency band is radio-transmitted 
30 simultaneously with the modulated radio signal obtained 
by the up-conversion and, on the receiving side, the 
modulated radio signal is down-converted to the inter- 
mediate frequency band by generating the multiplication 
component of the unmodulated carrier component and 
35 modulated radio signal component of the received sig- 
nal. 

[0019] In other words, the transmitting side simulta- 
neously transmits the modulated radio signal and the 
unmodulated carrier and the receiving side uses the un- 
40 modulated carrier as a local synchronized oscillation 
source when the received modulated radio signal is 
down -converted to the intermediate frequency band. 
The receiver 1 2 therefore does not require the receiver- 
side local oscillator that has conventionally required 
45 highly precise frequency stabilization. The receiver 12 
can therefore be structurally simplified and lowered in 
production cost. 

[0020] In addition, the cost of producing the local os- 
cillator 1 1 7 used in the transmitter 1 1 the can be reduced 
50 because it is no longer required to have high frequency 
stability and excellent phase noise characteristics. 
[0021] Moreover, the unmodulated carrier used for 
down -conversion in the receiver 12 is the same as that 
used on the transmission side and is synchronous there- 
55 with. The modulated IF band signal after down-conver- 
sion is therefore not susceptible to quality degradation 
by phase noise contained in the local oscillator 117 of 
the transmitter 1 1 . This makes high-quality signal trans- 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 076 421 A2 



6 



mission possible. 

[0022] In this embodiment, it is possible that signal 
quality may be degraded by occurrence of secondary 
intermodulation distortion caused by the quadratic term 
component of the modulated signal itself However, such 
signal quality degradation can be adequately coped with 
either by making the frequency distance between the 
modulated radio signal and the unmodulated carrier 
greater than the modulated radio signal or by making 
the power distribution between the transmitted modulat- 
ed radio signal and the unmodulated carrier large on the 
side of the unmodulated carrier. 
[0023] Figure 2 shows a radio communication appa- 
ratus 20 that is a second embodiment of this invention. 
The radio communication apparatus 20 of the second 
embodiment differs from that of the first embodiment in 
the configuration of its receiver 22. Its transmitter 21 has 
the same configuration as the transmitter 11 of the first 
embodiment and the constituent elements of the trans- 
mitter 21 are assigned similar reference numerals to the 
constituent elements of the transmitter 11 except that 
the initial "1 " of the reference numerals in Figure 1 . are 
rewritten to "2" in Figure 2. Explanation of the corre- 
sponding elements will not be repeated. 
[0024] The receiver 22 comprises a receiving antenna 
221 for receiving the combined signal from the transmit- 
ting antenna 216, an amplifier 222 for amplifying the 
combined signal received by the receiving antenna 221 , 
a band-pass filter 223 for extracting the unmodulated 
carrier component from the combined signal amplified 
by the amplifier 222, an injection-locked oscillator 224 
for regenerating the unmodulated carrier from the output 
of the band-pass filter 223, a multiplier for multiplying 
the modulated radio signal from the amplifier 222 and 
the unmodulated carrier from the injection-locked oscil- 
lator 224 to produce a modulated IF band signal, and 
an intermediate frequency band demodulator 226 for 
demodulating the modulated IF band signal from the 
multiplier. 

[0025] An RF amplifier tuned for a single frequency 
band can be used in place of the injection-locked oscil- 
lator 224. 

[0026] The spectral waveform of the modulated IF 
band signal (center frequency fIF) output by the inter- 
mediate frequency band modulator 211 of the transmit- 
ter 21 is shown at the upper left of Figure 2. The spectral 
waveform of the combined signal in the spatial propa- 
gation path between the transmitting antenna 216 and 
the receiving antenna 221 is shown at the upper center 
of Figure 2. The combined signal is composed of the 
unmodulated carrier (center frequency fc) and the mod- 
ulated radio signal (center frequency fc - fIF) up-con- 
verted by the unmodulated carrier. The spectral wave- 
form of the modulated IF band signal (center frequency 
fIF) output by the multiplier of the receiver 22 is shown 
at the upper right of Figure 1 . 

[0027] The radio communication apparatus 20 of the 
foregoing configuration achieves the same effects as 



the radio communication apparatus 10 of the first em- 
bodiment. As explained earlier the radio communica- 
tion apparatus 20 of the first embodiment requires some 
measure for preventing signal degradation by second- 
5 ary intermodulation distortion, for instance, requires the 
frequency distance between the modulated radio signal 
and the unmodulated carrier to be made greater than 
the modulated radio signal. No such preventive meas- 
ure is necessary in this second embodiment, however, 
because the receiver 22 is provided with a branch for 
extracting and amplifying only the unmodulated carrier. 
[0028] In addition, the regeneration of the unmodulat- 
ed carrier with the injection-locked oscillator 224 makes 
it possible to produce a modulated IF band signal with 
an excellent noise characteristic. 
[0029] Figure 3 shows a radio communication appa- 
ratus 30 that is a third embodiment of this invention. The 
radio communication apparatus 30 comprises a trans- 
mitter 31 and a receiver 32. The transmitter 31 compris- 
es an intermediate frequency band modulator 311 for 
modulating an input signal and outputting it as a modu- 
lated IF band signal, a local oscillator 31 6 for outputting 
an unmodulated carrier, a multiplier 312 for multiplying 
the modulated IF band signal and the unmodulated car- 
rier and outputting a modulated radio signal, afirst trans- 
mitting antenna 315 for polarizing the modulated radio 
signal from the multiplier 312 in one direction and radio- 
transmitting it as, for example, a V-polarized wave, and 
a second transmitting antenna 318 for polarizing the un- 
modulated carrier output on a branch line from the local 
oscillator 316 orthogonally to the one direction and ra- 
dio-transmitting it as, for example, an H-polarized wave. 
[0030] A band-pass filter 31 3 for removing unneces- 
sary components included in the modulated radio signal 
from the multiplier 31 2 and an amplifier 31 4 for amplify- 
ing the modulated radio signal from the band-pass filter 
313 are interposed between the multiplier 312 and the 
first transmitting antenna 315. 

[0031] The receiver 32 comprises a first receiving an- 
tenna 321 for receiving the modulated radio signal from 
the first transmitting antenna 315, a second receiving 
antenna 323 for receiving the unmodulated carrier from 
the second transmitting antenna 318, a multiplier 327 
for multiplying the modulated radio signal from the first 
receiving antenna 321 andthe unmodulated carrierfrom 
the second receiving antenna 323 to produce a modu- 
lated IF band signal, and an intermediate frequency 
band demodulator 328 for demodulating the modulated 
IF band signal from the multiplier 327. 
[0032] An amplifier 322 is interposed between the first 
receiving antenna 321 and the multiplier 327 to amplify 
the V-polarized wave received by the first receiving an- 
tenna 321 before sending ittothe multiplier 327. An am- 
plifier 324, a band-pass filter 325 and an injection- 
locked oscillator 326 are interposed in series between 
the second receiving antenna 323 and the multiplier 327 
to amplify the H-polarized wave received by the second 
receiving antenna 323, remove its unnecessary compo- 
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nents, and regenerate the unmodulated carrier. The re- 
generated unmodulated carrier is then sent to the mul- 
tiplier 327. 

[0033] The spectral waveform of the modulated IF 
band signal (center frequency fIF) output by the inter- 
mediate frequency band modulator 311 of the transmit- 
ter 31 is shown at the upper left of Figure 3 The spectral 
waveform of the combined signal in the spatial propa- 
gation path between the first and second transmitting 
antennas 315, 318 and the first and second receiving 
antennas 321 , 323 is shown at the upper center of Fig- 
ure 3. The combined signal is composed of the unmodu- 
lated carrier (center frequency fc) in the form of an H- 
polarized wave and the modulated radio signal (center 
frequency fc + f I F) in the form of a V-polarized wave up- 
converted by the unmodulated carrier. The spectral 
waveform of the modulated IF band signal (center fre- 
quency fIF) output by the multiplier 327 of the receiver 
32 is shown at the upper right of Figure 3. 
[0034] The radio communication apparatus 30 of the 
foregoing configuration achieves the same effects as 
the radio communication apparatus 10 of the first em- 
bodiment. Like the radio communication apparatus 20 
of the second embodiment; it does not require any 
measure for preventing signal degradation caused by 
the squarer 124 of the first embodiment. 
[0035] The receiver 22 of the second embodiment ex- 
plained earlier uses the band-pass filter 223 to extract 
the unmodulated carrier. In relatively high frequency 
bands such as the 30-300 GHz band, however, it is hard 
to achieve a band-pass filter 223 with a band width suf- 
ficiently narrow to extract only the unmodulated carrier. 
In contrast, the receiver 32 of the third embodiment can 
extract the unmodulated carrier with a considerably high 
degree of separation. This is because the modulated ra- 
dio signal and unmodulated carrier are separated be- 
forehand in the transmitter 31, transmitted as separate 
polarized waves with orthogonal polarization planes, 
and received in such form by the receiver 32. A high 
quality modulated IF band signal can therefore be ob- 
tained. 

[0036] The transmitter 31 and the receiver 32 of the 
third embodiment both use separate antennas for the 
two polarized waves. The invention is not limited to this 
configuration, however, and it is instead possible, for ex- 
ample, to equip the transmitter with a single transmitting 
antenna that combines the two orthogonally polarized 
signals while maintaining their polarized states and 
transmits the combined signal and equip the receiver 
with a single receiving antenna that separates the re- 
ceived combined signal into the two polarized compo- 
nents. 

[0037] The spectral waveforms shown in Figures 1-3 
are the spectral waveforms of the modulated signal in 
the case of using the orthogonal multicarrier modulation 
method. The present invention is, however, not depend- 
ent on the modulation method or the modulation band. 
The modulated signal can therefore be one obtained by 



any method of modulation or can be a multichannel sig- 
nal obtained by bundling a plurality of channels of such 
modulated signals. 

[0038] Being configured in the foregoing manner, this 
5 invention is adapted so that on the transmitter side a 
modulated radio frequency band signal and a local os- 
cillator signal are transmitted simultaneously and on the 
receiver side the transmitted local oscillator signal is 
used as the local synchronized oscillation source during 
10 down-conversion. As a result, the receiver does not re- 
quire the receiver-side local oscillator that has conven- 
tionally required highly precise frequency stabilization. 
The receiver can therefore be structurally simplified and 
lowered in production cost. 
15 [0039] In addition ; the cost of producing the local os- 
cillator used in the transmitter can be reduced because 
it is no longer required to have high frequency stability 
and excellent phase noise characteristics. 
[0040] Further, the local oscillation signal used for 
20 down -conversion in the receiver is the same as that 
used on the transmission side. The modulated IF band 
signal after down-conversion is therefore not suscepti- 
ble to quality degradation by phase noise contained in 
the local oscillator of the transmitter. This makes nigh- 
ts quality signal transmission possible. 

[0041] In one aspect of the invention, moreover, the 
transmitter side radio-transmits the modulated radio fre- 
quency band signal and the local oscillation signal as 
polarized waves with orthogonal polarization planes 
30 and, upon receiving the polarized waves, the receiver 
side extracts the modulated radio frequency band signal 
from one polarized wave and the local oscillation signal 
from the other polarized wave. Since the local oscillation 
signal can therefore be extracted with a considerably 
35 high degree of separation, a high quality modulated IF 
band signal can be obtained. 

Claims 

40 

1. A radio communication apparatus 10 that down- 
converts a transmitted radio signal to an intermedi- 
ate frequency band on a receiving side, the radio 
communication apparatus comprising: 

45 

a transmitter 11 equipped with an intermediate 
frequency band modulator 111 for modulating 
an input signal and outputting it as a modulated 
intermediate frequency band signal, a local os- 

50 cillator 117 for outputting an unmodulated car- 

rier, a multiplier 112 for multiplying the modu- 
lated intermediate frequency band signal and 
the unmodulated carrier and outputting a mod- 
ulated radio frequency band signal, a combiner 

55 1 1 4 for combining the modulated radio frequen- 

cy band signal from the multiplier and the un- 
modulated carrier output on a branch line from 
the local oscillator to produce a combined sig- 
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nal and outputting the combined signal, and a 
transmitting antenna 1 1 6 for radio transmission 
of the combined signal; and 
a receiver 12 equipped with a receiving anten- 
na 121 for receiving the combined signal from s 
the transmitting antenna ; a squarer 1 24 for ob- 
taining the modulated intermediate frequency 
band signal from the combined signal received 
by the receiving antenna, and an intermediate 
frequency band demodulator 125 for demodu- 10 
lating the modulated intermediate frequency 
band signal from the squarer. 

2. A radio communication apparatus 10 that down- 
converts a transmitted radio signal to an intermedi- 15 
ate frequency band on a receiving side, the radio 
communication apparatus comprising: 

a transmitter 11 equipped with an intermediate 
frequency band modulator 211 for modulating 20 
an input signal and outputting it as a modulated 
intermediate frequency band signal, a local os- 
cillator 217 for outputting an unmodulated car- 
rier, a multiplier 212 for multiplying the modu- 
lated intermediate frequency band signal and 25 
the unmodulated carrier and outputting a mod- 
ulated radio frequency band signal, a combiner 
21 4 for combining the modulated radiofrequen- 
cy band signal from the multiplier and the un- 
modulated carrier output on a branch line from 30 
the local oscillator to produce a combined sig- 
nal and outputting the combined signal, and a 
transmitting antenna 21 6 for radio transmission 
of the combined signal, and 
a receiver 22 equipped with a receiving anten- 35 
na 221 for receiving the combined signal from 
the transmitting antenna, a band-pass filter 223 
for extracting a component of the unmodulated 
carrier from the combined signal received by 
the receiving antenna, an injection-locked os- 40 
cillator 224 for regenerating the unmodulated 
carrier from an output of the band-pass filter, a 
multiplier 225 for multiplying the modulated ra- 
dio frequency band signal in the combined sig- 
nal from the receiving antenna and the un- 45 
modulated carrier from the injection-locked os- 
cillator to produce a modulated intermediate 
frequency band signal, and an intermediate fre- 
quency band demodulator 226 for demodulat- 
ing the modulated intermediate frequency band so 
signal from the multiplier. 

3. A radio communication apparatus 10 that down- 
converts a transmitted radio signal to an intermedi- 
ate frequency band on a receiving side, the radio 55 
communication apparatus comprising: 

a transmitter 31 equipped with an intermediate 



frequency band modulator 311 for modulating 
an input signal and outputting it as a modulated 
intermediate frequency band signal, a local os- 
cillator 316 for outputting an unmodulated car- 
rier, a multiplier 312 for multiplying the modu- 
lated intermediate frequency band signal and 
the unmodulated carrier and outputting a mod- 
ulated radio frequency band signal, a first trans- 
mitting antenna 315 for polarizing the modulat- 
ed radio frequency band signal from the multi- 
plier in one direction and transmitting the polar- 
ized modulated radio frequency band signal, 
and a second transmitting antenna 318 for po- 
larizing the unmodulated carrier output on a 
branch line from the local oscillator orthogonal- 
ly to the one direction and transmitting the po- 
larized unmodulated carrier; and 
a receiver 32 equipped with a first receiving an- 
tenna 321 for receiving the polarized modulat- 
ed radio frequency band signal from the first 
transmitting antenna, a second receiving an- 
tenna 323 for receiving the polarized unmodu- 
lated carrier from the second transmitting an- 
tenna, a multiplier 327 for multiplying the polar- 
ized modulated radio frequency band signal 
from the first receiving antenna and the polar- 
ized unmodulated carrier from the second re- 
ceiving antenna to produce a modulated inter- 
mediate frequency band signal, and an inter- 
mediate frequency band demodulator 328 for 
demodulating the modulated intermediate fre- 
quency band signal from the multiplier. 

4. A radio communication method that down-converts 
a transmitted radio signal to an intermediate fre- 
quency band on a receiving side, the radio commu- 
nication method comprising: 

a first step of modulating an input signal in an 
intermediate frequency band to produce a mod- 
ulated intermediate frequency band signal, us- 
ing a local oscillation signal to up-convert the 
modulated intermediate frequency band signal 
to a modulated radio frequency band signal, 
and transmitting the local oscillation signal and 
the modulated radio frequency band signal si- 
multaneously as a radio signal; and 
a second step of receiving the radio signal, 
down-converting the received signal by multi- 
plying a component of the local oscillation sig- 
nal and a component of the modulated radio 
frequency band signal contained in the re- 
ceived signal to generate a multiplication com- 
ponent and thereby produce a modulated inter- 
mediate frequency band signal, and demodu- 
lating the modulated intermediate frequency 
band signal. 
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A radio communication method according claim 4, 
wherein the modulated radio frequency band signal 
and the local oscillation signal are transmitted as 
orthogonally polarized waves in the first step and 
the modulated radio frequency band signal is ex- s 
tracted from one and the local oscillation signal from 
the other of the received orthogonally polarized 
waves in the second step. 
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